The increase in energy consumption in the building sector potentially threatens the end users of energy [1] .
option for heating and cooling residential and commercial buildings because of its higher energy efficiency over conventional systems [6] [7] . An analysis was performed to estimate the total equivalent warning impact (TEWI) of a GSHP compared to other heating and cooling systems in residential, commercial, and institutional buildings. The modeling results show a CO 2 emission reduction from 15% to 77% through the application of a GSHP in both residential and commercial buildings [8] . With increasing proportions of electricity generated from renewable sources, installing heat pumps in existing buildings becomes a more and more attractive option with respect to both primary energy demand and CO 2 emissions.
To promote the use of renewable energy, the Chinese government formulated a series of policies and regulations. In 2002 the Ministry of Land and Resources pointed out that geothermal resources were one of the most important forms of clean energy. Implementing the Renewable Energy Law in 2006, the government explicitly stated the importance of GSHP development and listed the installation of GSHPs as key projects in the Guidelines of Renewable Energy for industry development. By the end of 2012, more than 100 policies geared toward promoting GSHPs have been issued by the Chinese government [9] . In addition to these policies, the Chinese government also legislated various standards to guide the design, installation, and testing of GSHP systems. Issued in 2005 and revised in 2009, technical specifications for the ground source pump system (GB 50366-2005) are characterized by unified terminologies and an installation approach for GSHP systems. GB-T19409-2013 focuses on the testing, inspection, transportation, and storage of GSHP systems.
Scholars have done extensive research on the technologies that affect GSHPs in China. They adopted the quantitative and qualitative methods to analyze the coefficient of performance (COP) of GSHPs and make an economic assessment of GSHP systems. While the technical feasibility of a GSHP system may be visible in most studies of renewable energy, the risk and initial investment of GSHPs are very high and the benefits achieved by a GSHP system cannot be realized for 10 to 30 years. Furthermore, there has been no macroeconomic analysis on the development and use of the GSHP system. To promote the GSHP application, the basic challenge is to determine the factors that affect the GSHP. Therefore, this paper intends to use STIRPAT and the partial least squares (PLS) method to evaluate the GSHP application. Section 2 is a review of the literature concerning GSHPs and some countries' experiences with GSHP systems are presented. In section 3, the methodologies of STIRPAT and PLS are introduced. Section 4 focuses on the characteristics of the effect on GSHP applications, describes the PLS model to set the model for GSHPs, and analyzes the various influencing factors affecting the GSHP system. Section 5 draws some interesting conclusions and presents recommendations.
literature review
Some studies have been conducted to assess the energy performance of GSHP systems. Luo et al. (2015) examined the thermal performance of a GSHP system and found that COP was estimated to be 3.9 for a typical winter day, while the energy efficiency ratio (EER) was assessed to be 8.0 for a typical summer day [10] . Zhang et al. (2015) investigated the influence of how space heating and cooling demand was quantified on the potential utility of GSHP systems and found that the operational variation of COP influenced the electricity consumption of the GSHP systems [11] . Kecebas A (2013) dealt with energetic and exergetic analyses as well as economic and environmental evaluations of an Afyon geothermal district heating system (AGDHS) in Afyon, Turkey [12] . 2016) studied the influence of the ground source heat exchanger on a GSHP system [15] [16] [17] . Noorollahi et al. (2016) indicated that the longer the ground heat exchanger was, the higher the capacity of GSHPs [18] . Qian et al. (2014) calculated the soil temperature distribution and the COP of GSHPs and investigated different scenarios that were simulated to quantify the impact of different factors on GSHP performance, including seasonal balance between heat collection and heat rejection, daily running mode, and spacing between boreholes. Energy performance of GSHP systems are affected by various factors and the COP of GSHP systems fluctuated during the operation [19] .
With respect to the economic evaluation of GSHPs, there are a number of economic analysis methods used to evaluate their economic performance. These include the life cycle cost method, the net benefits (net present worth) method, the payback method, the benefit-to-cost (or savings-to-investment) ratio method, the internal rateof-return method, the overall rate-of-return method, the energy and cost energy mass method, and the analytical hierarchy process [20] .
For their example in Sapporo, Japan, Nagano et al. (2006) found that the payback time for the increased investment cost of a GSHP system is 10 years in comparison with an oil boiler and an air conditioning (AC) system, nine years in comparison with a gas boiler and an AC system, and 14 years in comparison with an air conditioning heat pump system [21] . Esen et al. (2006) presented a detailed cost analysis with payback periods. They indicated that the payback period of the GSHP would be 8.38 years against the electric systems [22] . Morrone et al. (2014) calculated the amount of energy saved by comparing the actual GSHP systems with traditional heating and cooling systems together [23] . Kecebas et al. (2013) proposed an artificial neural network technique as a new approach to evaluate the energy input, losses, output, efficiency, and economic optimization of a geothermal district heating system [24] . Badescu V(2007) compared the economics of GSHPs with a conventional HVAC system for a residential house in Germany using the present-day costs method [25] .
Some scholars have carried out assessments of the social effects of a GSHP application: Shen et al. (2015) studied the performance of GSHP in future climate conditions (2040-69) by using projected future hourly weather data of selected representative cities in the United States to estimate future ground temperature change [26] . Greening B (2012) presented a life cycle assessment of domestic heat pumps in the United Kingdom in comparison with gas boilers and found that heat pumps had higher environmental impacts than gas boilers due to the use of electricity [27] . Koroneos et al. (2017) Carcalho et al. (2015) found that the large-scale use of heat pumps for space heating in buildings could contribute to significant primary energy and CO 2 emissions savings when compared to natural gas boilers [33] . Sivasakthivel et al. (2015) estimated the possible energy savings and reduction in CO 2 emissions by using GSHP technology for space heating and cooling applications in cities located in and around the Himalayan region [34] . Kharseh et al. (2015) indicated that global climate change affected the performance of GSHP systems and the magnitude of this impact on a given GSHP system strongly depended on local weather conditions and the thermal quality of the building envelope [35] .
On the basis of the literature review and to the authors' best knowledge, there are no studies on macroeconomic analysis and influencing factors of GSHP application. The main objective of this study is, therefore, to evaluate the influencing factors of a GSHP system at the macroeconomic level and adopt the STIRPAT and PLS methods to assess how population, urbanization, GDP per capita, industrial structure, and policies effect GSHP systems.
Material and Methods

Data
The data from the area of the GSHP application and the central heating area from 1998 to 2011 is derived from the Statistical Yearbook of the Ministry of Construction. The data on per capita energy consumption, GDP per capita, urbanization level, industrial structure, and the R&D data come from the China Statistical Yearbook of 1998-2011 (Table 1) .
STIRPAT Model
The effect of demographic (P), economic (A), and technological (T) factors on the environment is mainly postulated in the IPAT model (I = PAT), which was first proposed by Ehrlichand et al. [36] . The IPAT model is limited because it analyzes a problem by changing a factor while keeping others constant, resulting in proportionate impacts on the dependent variable [37] [38] . To overcome these weaknesses, Dietz et al. [37] reformulated the IPAT model into a stochastic model (STIRPAT), which can statistically assess non-monotonic or non-proportional impacts of driving forces on the environment. York et al. [39] refined the STIRPAT model and expanded it by incorporating additional factors, such as quadratic terms or different components of P, A, or T. Presently, the STIRPAT model has been successfully used to analyze the effects of driving forces on a variety of environmental impacts [40] [41] . The STIRPAT model allows factors to be added to assess their impact on environmental pressure. In the STIRPAT model, factors P, A, and T are decomposable. To further examine the impact of GSHPs, we extended the STIRPAT model by incorporating the U, E, IS, HA, and PI factors into the model. The improved STIRPAT model was changed as follows:
…where GSHP represents floor area of GSHP projects, P refers to urban population, U refers to urbanization level (expressed as population urbanization rate), A represents affluence (expressed as GDP per capita), E is per capita energy consumption, IS refers to industrial structure (expressed as the ratio of secondary industry to GDP), T is technology level (expressed as R&D investment), HA is the central heating area, and PI is policy investment. The use of GSHPs can promote the role of emissions reduction. In the government's policy incentives, policies can promote the development of GSHPs. In 2005, policy recommendations were encouraging and in 2006, the policy was obvious and some achievements were achieved. PI is a dummy variable [43] and we set this variable as the value of 0 and 1. Therefore, the policy investment before 2005 was set to be 0 and the policy investment after 2005 was set to be 1. This paper selects policy investment as a variable to balance the use of ground source heat pump needs.
PLS Method
Partial least squares (PLS) is particularly useful when independent variables have a strong collinearity [42, 44] . The method will extract the latent variables (integrated variables) t i (u i ) from X(Y) variables and make the t i (u i ) represent original information in X(Y) as much as possible. In this paper, the dependent variable (Y) has the only one (GSHP); thus, the analytical process has been greatly simplified. Firstly, the PLS calculation process requires the standardization of the raw data X(Y); then the first component, t 1 , is extracted from standardized data (X). Secondly, the regression of X to t 1 and the regression of Y to t 1 are implemented in PLS. If the accuracy of the result of regression is satisfactory, the computation terminates; if unsatisfactory, the second component (t 2 ) needs to be extracted from the residual information of X and the second regression analysis is implemented. The regression is implemented repeatedly until satisfactory accuracy is achieved and the latent variables t 1 , t 2 … t m are obtained [42, [44] [45] . In this study, we directly adopted the software Simca 13, developed by the Umetrics Company, to perform PLS calculations. The input data were the same as those in the STIRPAT model.
There are two important tables or plots used to explain the applicability of the PLS method: the t 1 /t 2 scatter plot (also called to be T 2 oval plot) and t 1 /u 1 scatter plot. In the T 2 oval plot, t 1 and t 2 are the integrated or latent variables extracted from the X variables. They can represent the key information of X variables as much as possible and have a strong capacity to explain the Y variables as much as possible. If the t 1 /t 2 relationship of the sample data is included in the oval, these sample data are homogeneous and good and can be accepted perfectly [42] [43] [44] . In the t 1 /u 1 scatter plot, u 1 is the integrated or latent variable extracted from the Y variables. If the t 1 /u 1 relationship of the sample data is nearly linear, the PLS linear regression model built is appropriate for studying the problem [42, [44] [45] .
In the PLS regression approach, VIP (variable importance in projection) better reflects the explanatory potential of each independent variable for each dependent variable. VIP shows the importance of every independent variable when explaining the dependent variable. If a predictor has a relatively small VIP value [46] (considering less than 0.8 to be "small"), then it is a prime candidate for deletion. The equation is:
…where VIP j is the VIP of x j ; p is the number of independent variables; Rd(Y;t 1 ,...,t m ) = In 2006 the Chinese government promulgated the "Technical Code for Ground-Source Heat Pump System," which provides specifications for the design, construction, and acceptance of GSHP system projects and ensures safe and reliable system operation. Implementing the "Renewable Energy Law" in 2006, the government explicitly stated the importance of geothermal heat pumps and encouraged enterprises to develop GSHP technology. In August, the "Interim Measures for the management of special funds for renewable energy development" clearly put forward an objective "to strengthen the management of special funds for renewable energy development, focusing on supporting solar energy, wind energy, geothermal energy development and utilization" and encouraged the enterprises to utilize the heating and cooling system of GSHPs in new building construction. In the "Eleventh Five-Year Plan of Land Resources," the government promoted the development of GHPs and the potential evaluation of prospects for development zones. After 2006 China attached great importance to the development of GHPs. "Notice of the Ministry of Construction and the Ministry of Finance on the implementation comments for application of renewable energy in buildings" listed GHP application among the key technological fields. China's National Climate Change Program, "National Renewable Energy Long-Term Planning," the Ordinance on Civilbuilding Energy Conservation, and a series of other regulations promulgated that GSHPs are the main direction of the future development of geothermal resources.
Influencing Factor of GSHP Application
The influencing factors of GSHP applications are shown in Table 2 , which shows a strong collinearity among these independent variables.
The PLS method was used in this paper to reduce the collinearity impact of these variables. First, the applicability of the PLS method should be tested by checking the T 2 oval plot and the t 1 /u 1 scatter plot. The sample data in this paper are acceptable because there is no inhomogeneous point in the T 2 oval plot of the sample data (Fig. 3) . It is obvious that the t 1 /u 1 relationship of the sample data is nearly linear (Fig. 2) ; thus, the PLS linear regression model built is reasonable to the study problem of this paper. The observed versus the predicted plots showed a perfect linear relationship between the predictive value (Y Pred ) and the actual value (Y Var ) (Fig.  4) . This means that the explanation effect of the results made by the PLS method is acceptable. The R2VY (cum) denotes the cumulative fraction of the variation of the Y variables explained after the selected component. R 2 VY (cum) reached 0.948 after the t 1 component was extracted, which means that the extracted components t 1 from the X variables can explain 94.8% of the information of the Y variables. When t 1 and t 2 were extracted, they can explain 97.5% of the information of the Y variables. When the three components t 1 , t 2, and t 3 were extracted from the X variables, they can explain 98.0% of the information of the Y variables. These R2VYs (cum) also showed a good explanation effect of the PLS method.
Moreover, Table 3 shows the regression coefficients of the PLS method. It can be seen that the coefficient of P was 0.1358 after the t 1 component was extracted. When t 1 and t 2 were extracted, the coefficient had changed to 0.1503, and when t 1 , t 2 , and t 3 were extracted, the coefficient again changed to 0.1105. These showed that a 1% change in population (P) may induce about 0.1045-0.1503 percentage change in GSHP or P had an elasticity of about 0.1105-0.1503. Similarly, U, A, E, T, HA, and PI had an elasticity of 0.1178-0.1539, 0.1384-0.2300, 0.1130-0.1350, 0.1376-0.1685, 0.0879-0.1419, and 0.1253-0.2873, respectively. This suggests that P, U, A, E, T, HA, and PI may be the major influencing factors of GSHP application. P, U, A, E, T, HA, and PI have positive effects on GSHP demand; this indicates that the index of urban population growth, economic development, increasing energy consumption, the development of GSHP technology, and policy input have increased the demand of GSHP application.
However, the coefficients of IS had changed from positive to negative, which means that its impact on GSHP application is not important or it is not the major factor of GSHP application; this indicates that the change in the number of residents has no effect on the demand for GSHP. Regarding this point, the same results could be easily concluded from the VIP plot, in which the statistical importance of these independent variables (X) relative to the dependent variables Y is revealed in a graphic representation according to their VIP values (Fig. 5) . Because the VIP's values of P, U, A, E, T, and HA are greater than 1, they may be the major influencing factors of GSHP application (Y). Among them, the per capita GDP (A) on the growth of demand for GSHPs has the largest value; this indicates the need for people's living standards to increase the demand for GSHPs, and A is the most important factor of GSHP application. PI is close to 1, which indicates that policy input is one of the important factors of GSHP, but the effect is not obvious. Furthermore, because the VIP values of IS stayed in the interval of 0.5-1, its impact on GSHP application (Y) cannot be determined or was not important [42] [43] [44] .
There are two factors related to population, namely urban population and population structure. The population structure factor has a similar effect on the use of GSHPs as the urban population. P and U had an elasticity of 0.1105-0.1503 and 0.1178-0.1539. The influence degree of the two factors is 0.26% and 0.07%, respectively, with the former being much higher than the latter. The effect of urbanization on the use of GSHPs has multiple effects. In this model, the impact of the residents' consumption behavior, which was caused by the changes in population structure, affects GSHP application. Compared with the growth of other factors, the urban population growth in China is relatively small, and the urban population has a limited explanatory effect on the growth of the demand of GSHPs. The increase in per capita energy consumption has contributed to the use of GSHPs. A 1% change in energy consumption per capita may induce about a 0.1130-0.1350 percentage change in GSHP application. R&D technology improves the use of the GSHP system. Development of technical equipment promotes the development of new energy, thus promoting the development of a GSHP system. Technological innovation is the key to energy-saving emission reduction. From energy-saving technologies to the development and use of new energy, energy-saving products and services have become the focus of the low-carbon energy strategy. We should integrate technology resources, strengthen and coordinate regional GSHP technology innovation, promote production-study-research cooperation and technology transfer, and strengthen the GSHP industry layout and system innovation to improve the competitive ability of carbon emissions. The increase in central heating promotes the use of GSHPs. The central heating area had a linear upward trend, and the growth of the central heating area promotes the demand for GSHPs. The increase in the central heating area is the direct cause of the increase in demand for building GSHPs. The increase in the central heating area will inevitably bring increase energy consumption for GSHP systems.
Conclusions
Implementing GSHP systems is one of the most promising efforts to reduce fossil fuel consumption and CO 2 emissions. In China, GSHP systems have been receiving an increasing amount of attention and the number of applications has grown rapidly in recent years [1] . The area of GSHP application has increased 12 times between 1998 and 2011, while the central heating area has increased five times. The proportion of the central heating area in GSHP application had increased to 5% in 2011, but it is still very low. In particular, GSHP application has had the greatest increase since 2005, which means that GSHP application has become a remarkable development because the Chinese government has been paying much more attention to GSHPs.
On the basis of the STIRPAT model, this paper selected the following influencing factors: population, urbanization, GDP per capita, energy consumption per capita, industrial structure, R&D, central heating area, and policy input from the government. Compared with the STIRPAT model, the analysis results of the PLS method are more reasonable and acceptable because the collinearity among these factors themselves cannot be avoided in the STIRPAT model, which can bring some negative impacts to the ultimate results; but the collinearity can hardly impact the PLS method. The analysis results of GSHP's influencing factors by the PLS method showed that the major factors of GSHP application were P, U, A, E, T, HA, and PI. The most important influencing factor was A (its elasticity was the highest), and the effect of other factors (the elasticity of IS was low) almost can be ignored. Thus, the results using the PLS method are more reasonable and acceptable.
The use of GSHPs has been growing rapidly. GSHP has the potential for significant unit energy savings (per-installation savings), and generally has efficiency advantages; however, there are some challenges. The following suggestions are provided to overcome these encumbrances and promote the market growth of GSHPs in China: Increased support for R&D on GSHPs, including domestic and international partnerships. A fully developed financial incentive system should be established as soon as possible to promote the R&D and application of GSHP systems. Large GSHP installations providing a district heating and cooling system to the community and promoting the proportion of building areas with GSHPs. Maximize the use of GSHPs required for new construction. Plan installation-specific design and engineering of the 
